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Abstract 27
Films for controlled release, composed of ethyl cellulose and hydroxypropyl cellulose were 28 prepared in various compositions and the effect of ethanol in the dissolution medium on the 29 water permeability of the films was studied using a modified Ussing chamber and tritiated 30
water. It was found that the effect of ethanol on the film permeability varied depending on the 31 composition of the films. The results were interpreted in terms of swelling of the ethyl 32 cellulose in the films, where the swelling increased with increasing ethanol concentration. 33
Thus, for films with low HPC content (non interconnected pores) the water permeability of 34 the films increased with increasing ethanol concentration as the diffusion through the ethyl 35 cellulose increased due to swelling. However, for films with higher HPC content (having 36 interconnected pores through the films) the permeability decreased, likely due to the swelling 37 of the ethyl cellulose blocking the pores. The interpretation of the results was supported by 38 dynamic mechanic analysis and SEM analysis. 39
Introduction 43
Polymer film coatings are commonly used for controlling drug release from pellets and tablets 44 (Shah and Sheth, 1972; Donbrow and Samuelov, 1980; Sakellariou and Rowe, 1995 ; 45 Hyppoelae et al., 1996; Hjartstam and Hjertberg, 1999; Marucci et al., 2009; ) . In order to 46 modify the release, different ratios of water insoluble film forming polymer and water soluble 47 pore forming agent are used. Ethyl cellulose (EC) is a commonly used film forming agent 48 (Hyppoelae et al., 1996) because it has good film forming properties and is generally regarded 49 as non-toxic and non-allergenic (Hjartstam and Hjertberg, 1998; Marucci et al., 2009 processes. HPC can be co-dissolved with EC in ethanol, while HPMC requires the use of 56 other more hazardous solvents. Films composed of EC and HPC have been studied both with 57 regard to structure and permeability. It has been shown that EC and HPC phase separate in the 58 films (Sakellariou et al., 1986 (Sakellariou et al., , 1988 and that the permeability of the films and the release rate 59 from formulations increases with increasing HPC content (Thombre et al., 1994; Marucci et 60 al., 2009). Furthermore, the permeability of the films as well as the release of the pore 61 forming HPC has been shown to be low below a critical HPC content, this being explained by 62 that at low HPC concentrations the pore forming network is not interconnected through the 63 film ( Sakellariou et al., 1988; Marucci et al., 2009 
Water permeability analysis 107
The water permeability of the films was analyzed using a modified Ussing chamber with the 108 setup previously described (Hjartstam and Hjertberg, 1999) . Briefly, a film sample was placed 109 between a donor and acceptor compartment. The film thickness was determined as the 110 average of five measurements. Initially 15 ml of dissolution medium with 0, 5, 20 or 40 % v/v 111 ethanol concentration was added to both the donor and the acceptor compartments and two 112 paddles were used to stir the dissolution medium at a speed of 200 rpm. After 5 minutes a 113 small amount of tritiated water (10 μl, 400 kBq) was added to the donor compartment. At 114 specified times 500 μl sample was taken from the acceptor compartment and was replaced by 115 the same amount of dissolution medium. The temperature was maintained at 37 ○ C through 116 the analysis. The samples extracted at the different times were weighed and analyzed in a 117 scintillator counter (1414 LSC, Win Spectral, Wallac). From the tritium activity registered in 118 the acceptor compartment at the different times, the amount of water that had diffused 119 through the film at each time could be determined, and thus the film permeability. Due to the 120 large difference in tritium activity between the donor and acceptor compartment any counter 121 diffusion was neglected. 122 123
Dynamic mechanic analysis 124
DMA measurements were performed using a Rheometrics RSAII (Rheometrics Scientific, 125
Piscataway, USA), equipped with an in house designed submersion cell (Edrud et al., 2003) . 126
Samples were prepared to a width of 3 mm using a razor-edged punch. 
Water permeability analysis 144
In order to investigate the influence of ethanol in the dissolution medium on water 145 permeability of EC-HPC films for controlled drug delivery, film samples were subjected to 146 permeability analysis. The analyses were conducted in dissolution media with different 147 ethanol concentrations using a modified Ussing chamber. The film samples were placed 148 separating the two compartments of the cell, and from the transport of tritiated water from the 149 donor to the acceptor compartment the volume of water that had diffused across the 150 membrane was calculated at each time. As seen in the exemplifying graph in Fig. 1 , the 151 volume of water that had diffused across the membrane showed a linear dependence on time. 152
From the slope of the graphs the volume flow was calculated and the water permeability, 153 normalized versus film thickness, was determined as: 154
where PN is the water permeability, J is the volume flow, h is the film thickness and A is the 156 area. 157
The permeability data (see Table 2 We propose the following explanation for the changes in film permeability in ethanol 171 containing dissolution medium. At low HPC concentrations the dissolution of HPC will not 172 form a coherent pore network though the film, in accordance with previous studies ( 173 Sakellariou et al., 1988; Marucci et al., 2009 ). Thus, the permeability of the films will be low. 174
Ethyl cellulose is however soluble in ethanol. It would be expected that upon increasing the 175 ethanol content in the dissolution medium, the solubility of EC is increased, with gelling and 176 in the extreme dissolution as a consequence. It is well known that the diffusion coefficient in 177 polymeric materials increases with decreasing polymer concentration (Masaro and Zhu, 178 1999 ). Thus, due to the swelling of the EC, the permeability of films with low HPC content is 179 expected to increase with increasing ethanol concentration in the dissolution medium. For 180 films with higher HPC content, the dissolution of HPC will lead to the formation of a 181 coherent pore network through the films, with dramatic increase in permeability as a 182 consequence. When the EC swells in the presence of ethanol the pores will become smaller, 183 and in the extreme cases filled with EC gel. As such, the permeability of the films with a high 184 HPC content is expected to decrease with increasing ethanol concentration in the dissolution 185 medium. 186 187
Dynamic mechanic analysis 188
In order to test the hypothesis that EC swells in ethanol containing dissolution medium, EC 189 film samples were subjected to DMA during submersion in dissolution media with varying 190 ethanol content. The length change, the elastic modulus, G', and the loss factor, tan(δ), of the 191 samples were recorded during the analyses. In Fig. 3 
As such tan(δ) can be regarded as a measurement of how much of a viscous liquid character a 218 material has, as compared to an elastic solid. An increase in tan(δ) is equivalent with that a 219 sample dissipates more of the applied energy of deformation as frictional heat, rather than 220 storing the energy as in purely elastic deformation. From the increase in tan(δ) with increasing 221 ethanol concentration in the dissolution medium, it can be concluded that the presence of 222 ethanol increases the mobility of the EC polymer chains, causing the samples to dissipate 223 more of the applied deformation energy as heat. The increase of tan(δ) with increasing 224 concentration of alcohol is coherent with the increase in sample length, discussed above. 225 226
Scanning electron microscopy 227
To investigate if any difference could be detected in the structure of films exposed to 228 dissolution media with varying ethanol content, film samples composed purely of EC and 229 containing 35 % w/w HPC were submerged in dissolution media with different ethanol 230 concentrations for two days. The samples were subsequently dried and analysed using SEM. 231
If the EC was unaffected by the dissolution medium, pure EC films would be unaffected by 232 the treatment and no change in structure should be detected. For the analysed EC-HPC films 233 the HPC should dissolve, leaving a porous network. As for pure EC films, the structure should 234 not be altered by the treatment if EC was not affected by the dissolution medium. However, if 235 the EC swelled in the dissolution medium, altered structures would be expected both for pure 236 EC films and for EC-HPC films. 237
As seen in Fig. 5 A-D, the structure of pure EC films is clearly affected by the ethanol 238 concentration in the dissolution medium. The films that were exposed to dissolution medium 239 containing 20 and 40 % v/v ethanol exhibit a different surface than films exposed to 240 dissolution medium with less ethanol, probably due to swelling and subsequent drying. For 241 HPC containing films it is hard to draw any certain conclusions due to the inherent 242 heterogeneity of the films (Fig 5 E-H 
